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(54) Electromagnetic transducer and portable communication device 



(57) An electromagnetic transducer includes: a first 
diaphragm disposed in a vibratile manner; a second dia- 
phragm provided in a central portion of the first dia- 
phragm, the second diaphragm being formed of a 
magnetic material; a yoke disposed in a position oppos- 
ing the first diaphragm; a center pole provided on a face 
of the yoke that opposes the first diaphragm; a coil sub- 



stantially surrounding the center pole; a magnet sub- 
stantially surrounding the coil; and a thin magnetic plate 
provided between the magnet and the first diaphragm, 
an inner periphery of the thin magnetic plate being in 
overlapping relation to an outer periphery of the second 
diaphragm. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION: 

(0001 ] The present invention relates to an electroa- 
coustic transducer tor use in a portable communication 
device, e.g„ a cellular phone or a pager, for reproducing 
an alarm sound responsive to a received call. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] Figures 9A and 9B show a plan view and a 
cross-sectional view, respectively, of a conventional 
electroacoustic transducer of an electromagnetic type 
(hereinafter referred to as an "electromagnetic trans- 
ducer*^. The conventional electromagnetic transducer 
includes a cylindrical housing 1 07 and a disk-shaped 
yoke 1 06 disposed so as to cover the txjttom face of the 
housing 107. A center pole 103. which may form an 
integral part of the yoke 1 06, is provided in a central por- 
tion of the yoke 106. A coil 104 is wound around the 
center pole 1 03. Spaced from the outer periphery of the 
coil 104 is provided an annular magnet 105, witii an 
appropriate interspace maintained between the coil 104 
and the inner periphery of the annular magnet 105 
around the entire circumference thereof. The outer 
peripheral surface of the magnet 105 is atxjtted with the 
inner peripheral surface off the housing 107. An upper 
end of the housing 107 supports a first diaphragm 100 
which is made of a non-magnetic disk so that an appro- 
priate interspace exists between the first diaphragm 100 
and the magnet 105. the coil 104. and the center pole 
103. In a central portion of the first diaphragm 100, a 
second diaphragm 101 which is made of a magnetic 
disk is provided so as to be concentric with the first dia- 
phragm 100. 

[0003] Now, the operation and effects of the above- 
described conventional electromagnetic transducer will 
be described. In an initial state where no currertt flows 
through the coil 104. a magnetic path is formed by the 
magnet 105. the second diaphragm 101 . the center pole 
103, and the yoke 106. As a result, the second dia- 
phragm 101 is attracted toward the magnet 105 and the 
center pole 103. up to a point of equilibrium with the 
elastic force of the first diaphragm 100. If an alternating 
cun^ent flows through the coil 104 in this initial state, an 
alternating magnetic field is generated in the aforemen- 
tioned magnetic path, so that an driving force is gener- 
ated on the second diaphragm 101. Such driving force 
generated on the second diaphragm 101 causes the 
second diaphragm 101 to vibrate from its initial state, 
along with the fixed first diaphragm 100, due to interac- 
tion with the attraction force which is generated by the 
magnet 105. This vibration is transmitted as sound. 
However, in the illustrated sti-ucture. the distance 
between the magnet 105 and the second diaphragm 



101 is so large that the magnetic flux cannot sufficiently 
ac^ on the second diaphragm 1 01 . 
[0004] Figure 10 shows a magnetic flux vector dia- 
gram of the conventional electromagnetic transducer 

5 Shown in Figures 9A and 98. This magnetic flux vector 
diagram only illustrates one of the two halves with 
respect to a central axis (shown at the left of the figure), 
and the first diaphragm 100 and the housing 107 are 
omitted from illustratfon because they are non-mag- 

10 netic. As seen from Figure 10, a large magnetic gap 
exists in the magnetic path from the magnet 105 to the 
second diaphragm 1 01 of the conventional electromag- 
netic transducer. As a result, a large layer of air in the 
magnet gap serves as magnetic resistance, tiiereby 

15 making it difficult to supply sufficient magnetic flux from 
the magnetic path in the central portion of the magnet 
1 05 to the second diaphragm 1 01 . 
[0005] It would seem possible to employ a first dia- 
phragm 100 which is composed of a magnetic material 

20 SO that the first diaphragm 1 00 can itself be utilized as a 
magnetic path. In this case, however, it would be difficult 
to form the first diaphragm 100 with a thickness which 
allows it to be utilized as a magnetic path while prevent- 
ing magnetic saturation, especially if the first diaphragm 

25 100 is designed so as to have a resonance frequency 
equal to the frequency which is intended to be repro- 
duced as an alarm sound. 

SUMMARY OF THE INVENTION 

30 

[0006] An electromagnetic transducer according to 
the present invention includes: a first diaphragm dis- 
posed in a vibratile manner; a second diaphragm pro- 
vided in a central portion of the first diaphragm, the 

35 second diaphragm being formed of a magnetic material ; 
a yoke disposed in a position opposing the first dia- 
phragm; a center pole provided on a face of the yoke 
that opposes the first diaphragm: a coil substantially 
surrounding the center pole; a magnet substantially sur- 

40 rounding the coil; and a thin magnetic plate provkled 
between the magnet and the first diaphragm, an inner 
periphery of the thin magnetic plate t5eing in overlap- 
ping relation to an outer periphery of the second dia- 
phragm. 

45 [0007] In one en^odiment of the invention, the first 
diaphragm, the magnet, and the yoke form an enclosed 
space. 

[0008] In another embodiment of the invention, at 
least one of the first diaphragm, the magnet, and tiie 
50 yoke includes at least one air hole for allowing the 
enclosed space to communicate with the exterior of the 
enclosed space. 

[0009] In still another embodiment of the invention, 
the electromagnetic transducer further includes a hous- 
55 ing. the first diaphragm being provided in the housing. 
[0010] In still another emtxxiiment of the invention, 
the first diaphragm and the housing form an enclosed 
space. 
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[0011] In still another embodiment of the invention, 
at least one of the first diaphragm and the housing 
includes at least one air hole for allowing the enclosed 
space to comniunicate with the exterior of the enclosed 
space. 

[0012] In stilt another enrAxxJiment of the invention, 
the first diaphragm, the housing, and the yoke form an 
enclosed space. 

[001 3] In still another emlxxjiment of the invention, 
at least one of the first diaphragm, the housing, and the 
yoke includes at least one air hole for allowing the 
enclosed space to communicate with the exterior of the 
enclosed space. 

[0014] In still another embodiment of the invention, 
the at least one air hole is provided in a position along a 
diameter of the yoke located outside an outer periphery 
of the magnet- 

[0015] In still another embodiment of the invention, 
a length of radial overlap between an outer diameter of 
the second diaphragm and an inner diameter of the thin 
magnetic plate accounts for about 4% to about 15% of 
the outer diameter of the second diaphragm. 
[001 6] In still another embodiment of the invention, 
an inner diameter of the thin magnetic plate is equal to 
or smaller than an inner diameter of the magnet. 
[0017] In still another emlxxliment of the invention, 
the magnet includes a recessed portion on a face 
thereof opposing the first diaphragm at an inner periph- 
ery thereof, the thin magnetic plate being snugly 
received by the recessed portion. 
[0018] In still another embodiment of the invention, 
an outer periphery of the thin magnetic plate substan- 
tially coincides with a neutral point at which directions of 
magnetic flux vectors occurring on a surface of the mag- 
net become diversified so that some of the magnetic 
flux vectors traverse toward the center pole while others 
traverse toward an outer periphery of the magnet. 
[0019] In still another embodiment of the invention, 
the second diaphragm includes a plurality of projec- 
tions, each of which extends in a radial direction, the 
plurality of projections being formed along a circunnfer- 
ence direction of the second diaphragm. 
[0020] In still another embodiment of the invention, 
a material sut>5tantially corrposing the first diaphragm 
has a specific gravity which is equal to or smaller than a 
specific gravity of a material substantially composing 
the second diaphragm. 

[0021] In another aspect of the invention, there is 
provided a portable communication device incorporat- 
ing any one of the aforementioned electromagnetic 
transducers. 

[0022] Thus, the invention described herein makes 
possible the advantage of providing a high-performance 
electroacoustic transducer of an electromagnetic type in 
which a thin magnetic plate is provided between a mag- 
net arxi a first diaphragm so as to complement the mag- 
netic path between the magnet and a second 
diaphragm, thereby effectively generating attraction 



force and driving force on the second diaphragm, this 
being possible without sut>stantial <rfwige in the size of 
the magnet and the second diaphragm. 
[0023] This and other advantages of the present 
5 invention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
descr^tion with reference to the acoorrpanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0024] 

Figure 1 is a cross-sectional view illustrating an 
electromagnetic transducer according to Example 1 
15 of the present invention, 

Rgure 2 is a graph illustrating the relationship 
between driving force and an overlap ratio between 
the inner diameter of a thin magnetic plate and the 
20 outer diameter of a second diaphragm according to 
Example 1 of the present invention. 

Figure 3 is a cross-sectional view illustrating an 
electromagnetic transducer according to Exarrtple 2 
25 of the present invention. 

Figure 4 is a magnetic flux vector diagram of the 
electromagnetic transducer according to Example 2 
of the present invention. 

30 

Rgure 5 is a graph illustrating the relationship 
between the outer diameter of a thin magnetic 
plate, attraction force, and driving force according 
to Example 2 of the present invention. 

35 

Rgure 6 is a cross-sectional view illustrating an 
electromagnetic transducer according to Example 3 
of the present invention. 

40 Rgure 7A is a plan view illustrating an electromag- 
netic transducer according to Exanple 4 of tiie 
present invention. 

Rgure 7B is a cross-sectional view of the electro- 
ns magnetic transducer shown in Rgure 7A. 

Rgure 8 is a partially-cutaway perspective view 
illustrating a portable communication device incor- 
porating an electromagnetic transducer according 
so to the present invention. 

Rgure 9A is a plan view illustrating a conventional 
electromagnetic transducer. 

55 Rgure 9B is a cross-sectional view of the conven- 
tional electromagnetic transducer shown in Figure 
9A. 
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Figure 10 is a magnetic flux vector diagram of a 
conventional electromagnetic transducer 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0025] Hereinafter, the present invention will be 
described by way of illustrative examples, with reference 
to the accompanying figures. 

(Example 1) 

[0026] An electromagnetic transducer 1 0 according 
to Example 1 of the present invention will be described 
with reference to Figures 1 and 2. Figure 1 is a cross- 
sectional view illustrating the electromagnetic trans- 
ducer 10 according to Example 1 of the present inven- 
tion. As shown in Figure 1, the electromagnetic 
transducer 10 includes a cylindrical housing 7 and a 
disk-shaped yoke 6 disposed so as to cover the bottom 
face of the housing 7. A center pole 3, which may form 
an integral part of the yoke 6, is provided in a central 
porton of the yoke 6. A coil 4 is wound around the 
center pole 3. Spaced from the outer periphery of the 
coil 4 is provided an annular magnet 5. with an appropri- 
ate interspace maintained between the coil 4 and the 
inner periphery of the annular magnet 5 around the 
entire circumference thereof. The outer peripheral sur- 
face of the magnet 5 is atwtted with the inner peripheral 
surface of the housing 7. On the upper face of the mag- 
net 5. a thin annular magnetic plate 9 is provided so as 
to cover the entire upper face of the magnet 5. A tip end 
of the center pole 3 is located within the inner circumfer- 
ence of the thin magnetic plate 9. The inner diameter of 
the thin magnetic plate 9 is smaller than the inner diam- 
eter of the magnet 5. so that the inner periphery of the 
thin magnetic plate 9 extends beyond the inner circum- 
ference of the magnet 5. An upper end of the housing 7 
supports a first diaphragm 1 , which is made of a non- 
magnetic disk, in a manner to allow vibration of the first 
diaphragm 1 . An appropriate interspace exists between 
the first diaphragm 1 and the thin magnetic plate 9. the 
coil 4. and the center pole 3. In a central portion of the 
first diaphragm 1. a second diaphragm 2 which is made 
of a magnetic (e.g., permalloy) disk is provided so as to 
be concentiic with the first diaphragm 1. The inner 
diameter of ttie thin magnetic plate 9 is smaller tfian the 
outer diameter of the second diaphragm 2, so that the 
inner periphery of the thin magnetic plate 9 is in at least 
partial overlapping relation to the outer periphery of the 
second diaphragm 2. A plurality of air holes 8 are 
formed at predetermined intervals along the circumfer- 
ential direction in the yoke 6 for allowing the space 
between the coil 4 and the inner peripheral surface of 
the magnet 5 to communicate with the exterior space 
lying outside tiie space between ihe first diaphragm 1 
and tiie yoke 6. Each air hole 8 allows the air existing 
between the coil 4 and the inner peripheral surface of 
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the magnet 5 to be released to the exterior so as to 
reduce the acoustic load on the first diaphragm 1 . 
[0027] Next, the operation and effects of the above- 
described electromagnetic ti-ansducer will be described, 
5 In an initial state where no current flows through the cdt 
4, a magnetic path is formed t>y the magnet 5, the thin 
magnetic plate 9, tiie second diaphragm 2, the center 
pole 3, and the yoke 6. As a result, the second dia- 
phragm 2 is attracted toward the magnet 5 and the 
10 center pole 3. up to a point of equilibrium with the elastic 
force of the first diaphragm 1. If an alternating cun-ent 
flows through the coil 4 in this initial state, an alternating 
magnetic field is generated in the aforementioned mag- 
netic path, so that an driving force is generated on the 
15 second diaphragm 2. Such driving force generated on 
the second diaphragm 2 causes the second diaphragm 
2 to vibrate from its initial state, along with the fixed first 
diaphragm 1 , due to interaction with the attraction force 
which is generated by the magnet 5. This vibration is 
20 transmitted as sound. 

[0028] According to the present example, tiie thin 
magnetic plate 9 provided between the magnet 5 and 
the second diaphragm 2 functions to reduce the mag- 
netic resistance, thereby increasing the magnetic flux 
25 density in tiie magnetic path. As a result, the driving 
force on the second diaphragm 2 is increased, causing 
tiie first diaphragm 1 and the second diaphragm 2 to 
vibrate with an increased amplitude, thereby resulting in 
a substantial increase in the reproduced sound pr es- 
se sure level. It is believed tiiat the thin magnetic plate 9 
inb-oduces a 71% improvement in the attraction force, 
arxj a 43% improvement in the driving force, over the 
conventional structure which lacks the thin magnetic 
plate 9. 

35 [0029] Figure 2 is a graph illustrating the relation- 
ship between driving force and an overlap ratio between 
the inner diameter of a thin magnetic plate and the outer 
diameter of a second diaphragm according to Example 
1 of the present invention. As used herein, the "overlap 

40 ratio" is defined as a ratio of the length of radial overlap 
between the inner diameter of the thin magnetic plate 9 
and the outer diameter of the second diaphragm 2 witii 
respect to the outer diameter of the second diaphragm 
2. In the graph of Figure 2. tiie horizontal axis repre- 

45 sents the overiap ratio, whereas the vertical axis repre- 
sents the driving force. H will be seen in Figure 2 that the 
driving force becomes maximum with an overlap ratio of 
about 9%. At the overlap ratio of about 5%. there is a 
21%. improvement in the attraction force, and a 10% 

50 improvement in the driving force, over the respective 
values attained at ttie overiap ratio of 0% (i.e., the inner 
diameter of the tiiin magnetic plate 9 equaling the outer 
diameter of the second diaphragm 2 so that there is no 
overiap). Thus, it will be seen from the graph of Figure 2 

55 that the overiap ratio is preferably in the range of about 
4% to alxxit 15% for further enhancement in ttie driving 
force. 

[0030] Although the thin magnetic plate 9 illusti-ated 
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in the eJectromagnetic transducer according to Exannple 
1 of the present invention shown in Figure 1 has an 
inner diameter which is smaller than the inner diameter 
of the magnet 5. the inner diameter of the thin magnetic 
plate 9 may l>e equal to or greater than the inner diam- 
eter of the magnet 5 so long as the inner diameter of the 
thin magnetic plate 9 is smaller than the outer diameter 
of the second diaphragm 2. The thin magnetic plate 9 
does not need to be in contact with the magnet 5 so long 
as the thin magnetic plate 9 is located between the 
magnet 5 and the first diaphragm 1 . The thin magnetic 
plate 9 preferably has a thickness for preventing mag- 
netic saturation in order to minimize the magnetic resist- 
ance and increase the magnet flux density within the 
magnet path. 

[0031] Although a thin annular magnetic plate 9 is 
illustrated atxjve. the thin annular magnetic plate 9 can 
have any configuration defined by an outer diameter 
and an inner diameter, e.g.. a complete ring or disrupted 
fractions of a ring. 

(Example 2) 

[0032] Figure 3 is a cross-sectional view illustrating 
an electromagnetic transducer according to Example 2 
of the present invention. In the electromagnetic trans- 
ducer shown in Figure 3, a recessed portion for snugly 
receiving a thin magnetic plate 19 is provided at the 
inner periphery of the upper face of a magnet 15 for 
affixing the thin magnetic plate 19 to the magnet 15. 
Othenwise. the electromagnetic transducer 10 of the 
present example has the same structure as that of the 
electromagnetic transducer 10 according to Example 1 
shown in Figure 1 . The inner periphery of the thin mag- 
netic plate 19 extends beyond the inner circumference 
of the magnet 15; that is, the inner diameter of the thin 
magnetic plate 19 is smaller than the inner diameter of 
the magnet 1 5. 

[0033] In accordance with the electromagnetic 
transducer of the present example, since the thin mag- 
netic plate 1 9 is snugly received by the recessed portion 
formed in the magnet 15. the overall height of the elec- 
tromagnetic transducer 10 can be reduced without sut>- 
stantially decreasing the attraction force generated by 
the magnet 15 and the driving force on the secorxd dia- 
phragm 2. 

[0034] Figure 4 is a magnetic flux vector diagram of 
the electromagnetic transducer 10 shown in Rgure 3, 
This magnetic flux vector diagram only illustrates one of 
the two halves with respect to a central axis (shown at 
the left of the figure), and the first diaphragm 1 and the 
housing 7 are omitted from the illustration because they 
are non-magnetic. Holes 8 are also omitted in Figure 4 
for clearer illustration of the magnetic path. As shown in 
Rgure 4, at a neutral point (denoted as NP) along the 
radius direction of the magnet 15. the directions of the 
magnetic flux vectors occurring on the magnet 15 
become diversified so that some of them traverse 



toward the central axis while others traverse toward the 
outer periphery of the magnet 15. The thin magnetic 
plate 19 provided on the magnet 15 functions to cause 
the magnetic flux traveling toward the central axis to be 

5 concentrated arourxi the inner periphery of the magnet 
15. so that the concentrated magnetic flux can effec- 
tively enter the second cfiaphragm 2. Since the layer of 
air within the magnetic path between the magnet 1 5 and 
the second diaphragm 2 is reduced by the presence of 

10 the thin magnetic plate 1 9. a corresporKling decrease in 
the magnetic resistance results which makes it possible 
to effectively supply magnetic flux to the second dia- 
phragm 2. 

[0035] As mentioned above, the directions of the 
15 magnetic flux vectors occurring on tiie magnet 15 
become diversified at the neutral point NP so that some 
of them traverse toward the central axis while others 
traverse toward the outer periphery of the magnet 15. 
For this reason, it will be appreciated that the thin mag- 
netic plate 19 can most effectively cause the magnetic 
flux traveling toward the central axis to be concentrated 
around the inner periphery of the magnet 1 5 when the 
electromagnetic transducer 10 is designed so that the 
outer diameter of the thin nragnetic plate 1 9 equals the 
maximum diameter at which magnetic flux traveling 
toward the central axis can occur, i.e., so that the outer 
periphery of tine thin magnetic plate 19 substantially 
coincides with the neutral point NP of the magnet 15. 
[0036] Figure 5 is a graph illustrating the relation- 
ship between the outer diameter of the thin magnetic 
plate 19 and the att-action force and driving force 
applied to the second diaphragm 2. In the graph of Fig- 
ure 5. the horizontal axis represents the outer diameter 
of the tiiin magnetic plate 19, whereas the vertical axis 
represents the attraction force and the driving force 
applied to the secorxl diaphragm 2. It will be seen from 
Figure 5 that the attraction force becomes maximum at 
the neutral point (shown as NP in Figure 4) of the mag- 
net 15. 

(Example 3) 

[0037] Figure 6 is a cross-sectional view illustrating 
an electi^omagnetic fransducer 10 according to Exanple 
3 of the present invention. In the electromagnetic trans- 
ducer shown in Figure 6. a magnet 15 is provided so 
that an interspace exists between the outer peripheral 
surface of the magnet 15 and the inner peripheral sur- 
face of a housing 7, and a plurality of air holes 28 are 
formed at predetermined intervals along the circumfer- 
entiat direction in a yoke 26. The air holes 28 allow the 
interspace between the outer peripheral surface of the 
magnet 1 5 and the inner peripheral surface of the hous- 
ing 7 to comnruinicate witti the exterior space lying out- 
side the space between a first diaphragm 1 and the 
yoke 26. Otherwise the electromagnetic transducer 10 
of the present example has the same structure as that 
of the electromagnetic transducer 10 according to 
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Example 2 shown in Rgure 3. 

[0038] In accordance with the electronr>agnetic 
transducer 10 of the present example, the air exiting 
between the outer peripheral surface of the magnet 15 
and the inner peripheral surface of the housing 7 is 5 
released to the exterior through the air holes 28. Since 
the air holes 28 are provided at the outer periphery of 
the yoke 26. it is possible to dispose the magnet 15 so 
as to be closer to the center of the yoke 26. In addition, 
the ainway between the first diaphragm 1 and the air ro 
holes 28 is not blocked by a thin magnetic plate 19 
because the air holes 28 are provided at the outer 
periphery of the yoke 26. This makes it easier to suffi- 
ciently reduce the inner diameter of the thin magnetic 
plate 19 so that the inner periphery of the thin magnetic is 
plate 19 is in overlapping relation to the coil 4 as 
desired, which in turn makes it possible to reduce the 
outer diameter of the second diaphragm 2 (which is in at 
least partial overiapping relation to the inner periphery 
of the thin magnetic plate 1 9). A reduced outer diameter 20 
of the second diaphragm 2 would be advantageous 
because an elastic support portion of the first dia- 
phragm 1 . i.e.. the portion other than the portions which 
actually support the second diaphragm 2. can be corre- 
spondingly increased, thereby allowing the second dia- 25 
phragm 2 to vibrate with a larger amplitude. A larger 
vibration amplitude of the second diaphragm 2 provides 
for a higher reproduced sound pressure level. 

(Example 4) 30 

[0039] Rgure 7A is a plan view illustrating an elec- 
tromagnetic transducer according to Example 4 of the 
present invention. Rgure 7B is a cross-sectional view 
taken at line l-l in Figure 7A. In the electromagnetic 35 
transducer shown in Rgures 7A and 7B, a second dia- 
phragm 32 which is fixed in the central portion of a first 
diaphragm 1 has a plurality of notches in the periphery 
of its disk shape, resulting in a plurality of projections 
extending in the radial direction and equally intervaled 40 
along Wie circumference direction. Each projection (as 
viewed from above in Figure 7A) has a contour in the 
manner of a quadric cun^e such that the sum total of the 
cross-sectional areas of all of the projections, taken 
along a direction perpendicular to each radius direction. 45 
remains constant re^rdless of which point along each 
radius direction such cross sections are taken. The 
thickness of the second diaphragm 32 is preferably 
larger than that of the first diaphragm 1. Otfienivise. the 
electromagnetic transducer 10 of the present example so 
has the same structure as tiiat of the electromagnetic 
transducer 10 according to Example 3 shown in Figure 
6. 

[0040] In Examples 1 to 3. the second diaphragm 2 
has a disk-like shape so that the sum total of the cross- ss 
sectional areas taken along its circumferential direction 
(i.e., the direction perpencficular to each radius direc- 
tk)n) is inconstant along the radius direction, i.e.. 



increases as such cross sections are taken at a point 
farther away from the inner periphery. The magnetic flux 
density within a given magnetic body is In inverse pro- 
portion with the cross-sectional area tiirough which the 
magnetic flux passes. Therefore, the magnetic flux 
within the second diaphragm 2 is inconstant along the 
radius direction. In contrast, according to Example 4, 
each projection (as viewed from above) has a contour in 
the manner of a quadric curve such that the sum total of 
ttie cross-sectional areas of all of the projections, taken 
along a direction perpendicular to each radius direction, 
remains constant regardless of which point along each 
radius direction such cross sections are taken, as men- 
tioned above. Therefore, the magnetic flux is constant 
along the notched outer periphery of the second dia- 
phragm 32 according to the present example. 
[0041] By forming the aforementioned notches in 
the second diaphragm 32 within the constraints for pre- 
venting magnetic saturation, the amount of magnetic 
flux passing through the second diaphragm 32 (Exam- 
ple 4) can be kept substantially the same as the amount 
of magnetic flux passing through the second diaphragm 
2 (Examples 1 to 3), thereby obtaining the same size of 
driving force on the second diaphragm 32 as on the sec- 
ond diaphragm 2. As a result, the second diaphragm 32 
witii constant magnet flux density can reproduce 
sounds through vibration, without substantial character- 
istic degradation. 

[0042] The electromagnetic transducer 1 0 shown in 
Rgures 7A and 7B is capable of reproducing still higher 
sound pressure levels because the overall mass of tiie 
first diaphragm 1 and the second diaphragm 32 is 
reduced by the notches in the periphery of the second 
diaphragm 32 (as described above, the second dia- 
phragm 32 is preferatrfy thicker than the first diaphragm 
1). The projections of the second diaphragm 32 are 
preferably disposed on portions of the second dia- 
phragm 32 lying outside (i.e., toward the outer periph- 
ery) of the portion which opposes the center pole 3 of 
the second diaphragm 32. 

[0043] In the electromagnetic transducer shown in 
Rgures 7A and 78. the mass of ttie diaphragms 1 and 
32 is reduced by forming notches in the otherwise-disk- 
shaped second diaphragm 32. However, the mass of 
the diaphragms 1 and 32 can also be reduced for similar 
effects by employing a material for the first diaphragm 1 
which has a relatively small specific gravity. For exam- 
ple, instead of forming the first diaphragm 1 from per- 
malloy (similarly to ttie secorxl diaphragm 32), the first 
diaphragm 1 may atternatively be formed from titanium, 
which has a relatively small specific gravity. 
[0044] In ttie electromagnetic transducer 10 
according to Examples 2 to 4 as illustrated in Rgures 3. 
6, and 7A and 78, the thin magnetic plate 19 has an 
inner diameter which is smaller than ttie inner diameter 
of the magnet 15. However, the inner diameter of the 
thin magnetic plate 19 may be equal to or greater than 
the inner diameter of the magnet 1 5 so long as the inner 
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diameter of the thin magnetic plate 19 is smaller than 
the outer diameter of the second diaphragm 2 or 32. 
The thin magnetic plate 19 preferably has a thickness 
for preventing magnetic saturation in order to increase 
the magnetic flux density within the magnetic path by $ 
minimizing nnagnetic resistance. 
[0045] Rgure 8 is a partialty<cutaway perspective 
view illustrating a cellular phone as one inrplementation 
of a portable communication device incorporating an 
electromagnetic transducer according to the present io 
invention. Any one of the electromagnetic transducers 
illustrated in Examples 1 to 4 may be incorporated in 
this cellular phone. 

10046] The cellular phone 61 includes a housing 62 
which has a soundhole 63 formed on one face thereof, is 
Within the housing 62, the electromagnetic transducer 
10 according to the present irrvention is disposed so 
that the first diaphragm 1 opposes the soundhole 63. 
The cellular phone 61 has internalized therein a signal 
processing circuit (not shown) for receiving a transmit- so 
ted signal and converting a call signal for input to the 
electromagnetic transducer 10. When the signal 
processing circuit in the cellular phone 61 receives a 
signal indicative of a received call, the converted signal 
is input to the electromagnetic transducer 10. and an ss 
alarm sound is reproduced to inform the user of the cel- 
lular phone of the received call. 
10047] The cellular phone 61 incorporating the elec- 
tromagnetic transducer 10 according to tine present 
invention can reproduce an alarm sound at a high so 
sound pressure level without even increasing the size of 
the second diaphragm or the magnet. Accordingly, it is 
possible to provide an alarm sound at a high sound 
pressure level without increasing the volumetric size of 
the cellular phone 61 itself incorporating the electro- as 
magnetic transducer 10. 

[0048] Although tiie electromagnetic ti^ansducer 1 0 
illustrated above is directly mounted to the housing 62 of 
the cellular phone 61 , it may alternatively be mounted 
on an internal circuit board within the cellular phone 61 . 40 
An acoustic port for further enhancing the sound pres- 
sure level of the alarm sound may additionally be pro- 
vided. 

[0049] Although a cellular phone is illusfated in Fig- 
ure 8 as one example of a portable communication 45 
device, the applications of the present invention are not 
limited thereto. 

[0050] In accordance with the electromagnetic 
transducer, a thin magnetic plate having an inner diam- 
eter which is smaller them the outer diameter of a sec- so 
ond diaphragm is provided on an upper face of a 
magnet As a result, magnetic resistance can be 
reduced without increasing the size of the magnet or the 
second diaphragm, thereby increasing attraction force 
and driving force. This nr^akes it possible to reduce the ss 
size of the secorxl diaphragm, which leads to a 
decrease in the overall mass of the diaphragms and 
hence an increase in the reproduced sound pressure 



level. Furthermore, by providing a recessed portion on 
the upper face of the magnet at its inner periphery for 
snugly receiving tiie thin nnagnetic plate, the overall 
height of the electromagnetic transducer can be mini- 
mized. Furthernnore, by providing notches in the second 
diaphragm and/or constructing the first diaphragm from 
a material having a relativdy small specifk: gravity, the 
overall mass of the diaphragms can t>e further reduced, 
thereby further inproving the reproduced sound pres- 
sure level. Furthermore, by providing air holes at tiie 
outer periphery of a yoke for releasing the air existing 
between the first diaphragm and the yoke so that the 
inner diameter of the tiiin magnetic plate and the outer 
diameter of the second diaphragm can be minimized, 
the elastic support portion of the first diaphragm can be 
maximized, resulting in large vibration amplitude. 
[0051 1 As will be appreciated by those skilled in tiie 
art, tiie first diaphragm may be attached to or supported 
by any element, other than a housing, in a manner to 
enable vibration of the first diaphragm. A housing is not 
an essential requirement in the present invention. 
[0052] In any of the electromagnetic transducers 
according to the above-described examples, the thin 
magnetic plate is not limited the annular-shaped plate . 
A plurality of magnetic plate may be provided on ttie 
magnet. 

[0053] In any of the electromagnetic transducers 
according to the above-described examples, an 
enclosed space is illustrated as being formed by a first 
diaphragm, a housing, and a yoke. However, an 
enclosed space may instead be formed by a first dia- 
phragm, a magnet, and a yoke, in which case the first 
diaphragm may be supported by the magnet. Alterna- 
tively, an enclosed space may be formed by a first dia- 
phragm and a housing. 

[0054] An air hole(s) for allowing the enclosed 
space to communicate witii the exterior of the enclosed 
space may be provided in any one or more constituent 
elements composing the electromagnetic transducer 
according to the present invention. 
[0055] Various other modrfications will be apparent 
to and can be readily made by tiiose skilled in the art 
without departing from the scope and spirit of this inven- 
tion. Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

1 . An electromagnetic transducer comprising: 

a first diaphragm disposed in a vibratile man- 
ner; 

a second diaphragm provided in a centi-al por- 
tion of the first diaphragm, the second dia- 
phragm being formed of a nnagnetic material; 
a yoke disposed in a position opposing the first 
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diaphragm; 

a center pole provided on a face of the yoke 

that opposes the first diaphragm; 

a coil substantially surrounding the center pole; 

a magnet substantially surrounding the coil; 

and 

a tWn magnetic plate provided between the 
magnet and the first diaphragm, an inner 
periphery of the thin magnetic plate being in 
overlapping relation to an outer periphery of 
the second diaphragm. 

2. An electromagnetic transducer according to claim 

1 , NArfierein the first diaphragm, the magnet, and the 
yoke form an enclosed space. 

3. An electromagnetic transducer according to claim 

2. wherein at least one of the first diaphragm, the 
magnet, and the yoke includes at least one air hole 
for allowing the enclosed space to communicate 
with the exterior of the enclosed space. 

4. An electromagnetic transducer according to claim 1 
further comprising a housing, the first diaphragm 
being provided in the housing. 

5. An electromagnetic transducer according to claim 

4, wherein the first diaphragm and the housing form 
an enclosed space. 

6. An electromagnetic transducer according to claim 

5, wherein at least one of the first diaphragm and 
the housing includes at least one air hole for allow- 
ing the enclosed space to communicate with the 
exterior of the enclosed space. 

7. An electromagnetic transducer according to claim 
4, wherein the first diaphragm, the housing, and the 
yoke form an enclosed space. 

8. An electromagnetic transducer according to claim 

7. wherein at least one of the first diaphragm, the 
housing, and the yoke includes at least one air hole 
for allowing the enclosed space to communicate 
with the exterior of the enclosed space. 

9. An electromagnetic transducer according to claim 

8. wherein the at least one air hole is prcvkied in a 
position along a diameter of the yoke located out- 
side an outer periphery of the magnet. 

10. An electromagnetic transducer accorcfing to claim 
1 . wherein a length of radial overlap between an 
outer diameter of the second diaphragm and an 
inner diameter of the thin magnetic plate accounts 
for about 4% to about 15% of the outer diameter of 
the second diaphragm. 



11. An electromagnetic transducer according to daim 
1 . wherein an inner diameter of the thin nnagnetic 
plate is equal to or smaller than an inner diameter of 
the magnet. 

5 

12. An electromagnetic transducer according to claim 
1. wherein the magnet includes a recessed portion 
on a face thereof exposing the first diaphragm at an 
inner periphery thereof, the thin magnetic plate 

10 being snugly received by the recessed portion. 

1 3. An electromagnetic transducer according to claim 
1 . wherein an outer periphery of the thin magnetic 
plate substantially coinddes witii a neutral point at 

15 which directions of magnetic flux vectors occurring 
on a surface of the magnet become diversified so 
that some of the magnetic flux vectors traverse 
toward the center pole while otiiers traverse toward 
an outer periphery of the magnet. 

20 

14. An electromagnetic transducer according to daim 
1. wherein the second diaphragm includes a plural- 
ity of projections, each of which extends in a radial 
direction, the plurality of projections being formed 

25 along a drcumference direction of the second dia- 
phragm. 

1 5. An electromagnetic transducer according to daim 
1, wherein a material substantially composing the 

30 first diaphragm has a specific gravity which is equal 
to or smaller than a specific gravity of a material 
suljstantially composing the second diaphragm. 

16. A portable communication device incorporating an 
35 electromagnetic transducer according to daim 1 . 

17. A portable communication device incorporating an 
electromagnetic transducer according to daim 2. 

40 18. A portable comnxinication device incorporating an 
electromagnetic transducer according to daim 3. 

19. A portable comnxjnication device incorporating an 
electromagnetic transducer according to daim 4. 

45 

20, A portat3le communication device incorporating an 
electromagnetic transducer according to daim 5. 

21. A portable comnKinication device incorporating an 
50 electronragnetic transducer according to daim 6. 

22, A portable communication device incorporating an 
electromagnetic transducer according to daim 7. 

55 23. A portat>le communication device incorporating an 
electromagnetic transducer according to daim 8. 

24. A portable communication device incorporating an 
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electromagnetic transducer according to claim 9. 

25. A portable communication device incorporating an 
electromagnetic transducer according to daim 10. 

5 

26. A portatsle communication device incorporating an 
electromagnetic transducer according to claim 1 1 . 

27. A portable communication device incorporating an 
electromagnetic transducer according to claim 12. io 

28. A portable communication device incorporating an 
electromagnetic transducer according to claim 13. 

29. A portable communication device incorporating an 75 
electromagnetic transducer according to claim 1 4. 

30. A portable communication device incorporating an 
electromagnetic transducer according to claim 1 5. 

20 
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